Genotoxicity studies of benzofuran dioxetanes and epoxides with isolated DNA, bacteria and mammalian cells.
1,2-Dioxetanes, very reactive and high energy molecules, are involved as labile intermediates in dioxygenase-activated aerobic metabolism and in physiological processes. Various toxicological tests reveal that dioxetanes are indeed genotoxic. In supercoiled DNA of bacteriophage PM2 they induce endonuclease-sensitive sites, most of them are FPG protein-sensitive base modifications (8-hydroxyguanine, formamidopyrimidines). Pyrimidine dimers and sites of base loss (AP sites) which were probed by UV endonuclease and exonuclease III are minor lesions in this system. While the alkyl-substituted dioxetanes do not show any significant mutagenic activity in different Salmonella typhimurium strains, heteroarene dioxetranes such any significant mutagenic activity in different Salmonella typhimurium strains, heteroarene dioxetanes such as benzofuran and furocoumarin dioxetanes are strongly mutagenic in S. typhimurium strain TA100. DNA adducts formed with an intermediary alkylating agent appear to be responsible for the mutagenic activity of benzofuran dioxetane. We assume that the benzofuran epoxides, generated in situ from benzofuran dioxetanes by deoxygenation are the ultimate mutagens of the latter, since benzofuran epoxides are highly mutagenic in the S. typhimurium strain TA100 and they form DNA adducts, as detected by the 32P-postlabelling technique. Our results imply that the type of DNA damage promoted by dioxetanes is dependent on the structural feature of dioxetanes. Furthermore, the direct photochemical DNA damage by energy transfer, i.e., pyrimidine dimers, plays a minor role in the genotoxicity of dioxetanes. Instead, photooxidation dominates in isolated DNA, while radical damage and alkylation prevail in the cellular system.